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The  object  of  this  thesis  is  to  investigate  a  number  of  sirople  flow 
exarrples  of  air-water  mixtures  and  to  present  the  results  in  a  simple  quick 
reference  form  which  can  be  valuable  for  engineering  use  in  design  and  under- 
standing the  phenomena  of  flow  of  two-component  mixtures.   The  problems 
analyzed  arei 

!•  The  one-dimensional  trajectory  of  droplets  accelerated  In  a 

gan  stream 

2.  The  variation  of  stream  properties  during  the  droplet  accelera- 
tion process 

3.  The  variation  of  stream  properties  due  to  wall  friction  with 
water  present  in  the  stream. 

The  procedure  used  was  entirely  analytical.  The  results  of  the  first 
problem  were  calculated,  tabulated,  and  plotted  In  dimensionless  form  for 
various  water  and  air  velocities,  droplet  diameters,  distance  moved  down  the 
duct,  and  water  and  air  properties.  The  plots  should  be  valuable  for  engi- 
neering use  in  detemlnlng  the  one-dimensional  trajectory  of  spherical  parti- 
cles In  a  gas  stroaTr.  An  iteration  pr ocediire  using  the  plots  can  be  used  where 
air  velocity,  droplet  diameter,  or  stream  properties  vary  during  the  acceleration. 

The  results  of  the  second  and  third  problem  were  calculated,  tabulated, 
and  plotted  in  dimensionless  form  for  vsrioufl  water  to  air  velocity  ratios, 
water  to  air  mass  rates,  air  Ilaoh  numbers,  and  stream  property  ratios.  The 
results  should  be  valuable  for  englneerinfj  use  in  all  regions  except  near 
choking  conditions  in  the  stream.  Near  this  condition  the  edr  velocity  increases 
too  rapidly  for  the  droplets  to  accelerate  with  the  air.  Since  this  was  one 
of  the  assumptions  in  the  analysis  the  plots  are  not  correct  in  this  rogion. 

The  analysis  of  the  third  problem  incorporates  in  It  a  pseud o-frictlonal 
term  accounting  for  the  e^'fect  of  momentum  exchange  of  droplets  with  the  duct 
wall.  "Hie  exact  nature  of  this  effect  is  not  known,  but  some  correlation  with 
experimental  data  Is  given. 

Thesis  Supervlsori  A.  H.  Shapiro 

Title  I  Professor  of  Mechanical  Engineering 


^o5^p^4. 


M 


'  ''%i* 


H/*r='i 


'**  -* 


Profe«?sca'  Earl  P.  Millard 
Secretary  of  the  Faculty 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts 


^^Mi^kf^^^'. 


"f'. 


Cambridge,  Massachxisetts 
y^7   25,  1953 


In  accordance  vdth  the  requirements  of  the  degree  of  Naval  Engineer, 
I  herewith  submit  a  thesis  entitled,  "One-rimensioned  Analysis  of  Steady- 
Flow  Air-Water  Mixtures  in  Pipes." 


w 


fer 


<*■   * 


Respectfully, 


IimiODOCTION 


II.   DROPLET  TRAJECTORY  AMALY3IS  .,., 


Results  

Conclusion  


DISCONTimiITT  ANALYSIS  .... 


Procedurs  

1  Results  

Conclusion  


MODIFIED  PANNO  LINE  ANALYSIS 17 

Procedure  17 

Results  17 


Conclusion  


19 


APPE!S!DIX 


Symbols  

Details  -  Droplet  Trajectory  Analysis 


27 


28 


29 


Details  -  Discontinuity  Analysi -^ 

Details  -  Modified  Fanno  Line  Analysi 55 

Modified  Fanno  Line  -  Low  Velocity  Analysis 61 

Bibliography (^ 


4;  ^     ^ 


Figure  I 


TABLE  OF  FIGURES 


Droplet  Trajectory,  V  <  V 


Figure  II    Droplet  Trajectory,  V  >V 


i  V 


J'iT. 


Figure  III    Droplet  Trajectory,  Cold  

Figure  IV    Droplet  Trajectoiy,  Hot  8 


Figure  V     Discontinuity, 


Figure  VI     Discontinuity, 


M^VB 


"   11 

vs  M,  12 


M 


Figure  VTI    Discontinuity, 


Figure  VIII   Discontinuity, 


Figure  IX     Discontinuity, 


Figure  X     Discontinuity, 


" u 

I 

re    K,  15 


'^n 


vs  M,  16 


Figure  n    Friction,  [:    L^^    ^ ',  U^*K    L 


L    vs  M 20 


Figure  XII    Friction,  '#  ^/'/i' 


V8  M 21 


Figure  XIII   Friction,  W,f 't i   r^  vs  M 22 


^;'  Figure  XIV    Friction,  t"4 


vs  M 23 


I  Figure  XV    'Prictlon, 


vs  K 2A. 


Figure  XVI    Friction,  '::^i>   ^   vs  M 25 


■■■•/•.f  ^?v*  i-.'K^r,  ^'.K'.  ^^''V--  ^^'l^'' 
Figure  XVII   Friction,  ^^y";,-^  ""' 


■'s>v^ 


^  ■-•  .V  .V,  ,^-.  «^'T';-   .,  . 


26 


f^ 


Table  I     Values  of  Cp  -  f(R)  for  spherical  particles  ...............  32 


Table  III    Values  of 


''  Table  V 


I.  t± 


Table  IV     Discontinuity,  all  -■  , 


-K   -H 


Discontinuity 


A2 


1 U 


V   Table  VI     Discontinuity, 


Table  VII 


Discontimiity, 


Table  VIII   Discontinuity, 


1 -46 


.3t  Y  ■  1  .... 

a 


Table  IX    T^iscontinuity,  M  »  f  (WL ,  '^)     52 

J.  w^ 

Table  X     Friction,  Ooofficlents  of  ^J^ction  Term 58 


Table  71     Taction,  Fonaulas  in  Integral  Forro 59 

Table  HI    Friction,  -^  «•  .1 62 


Table  TIIT   Friction,  -*  =  .2  


63 


Table  TIV    Friction, 


Table  IV    Friction,  -^  •=  ,/, 65 


Th«  objsot  of  this  th«ai0  !■  to  inv«8tlgat«  a  number  of  simple  flow 
examples  of  air-water  mixtures.  The  problems  to  be  analysed  aret  i 

(1)  the  one-dimensional  trajectory  of  droplets 
aooelerated  in  a  gas  stream »    

(2)  the  variation  of  stream  properties  during  the 
acceleration  process »  and 

(3)  the  variations  of  stream  properties  due  to 
vail  friction  with  water  present  in  the  stream.  

This  investigation  is  undertaken  as  part  of  the  Aerothermopressor  ^ 
Project  at  Massachusetts  Institute  of  Technology,  The  Aerothermopressor 
is  a  device  to  increase  the  stagnation  pressure  of  a  gas  stream  by  reducing 
the  stagnation  temperature  throiigh  evaporation  of  water  injected  into  the 
flow. 

In  the  work  on  the  Aerothermopressori  there  has  been  no  quick  refer- 
ence guide  to  aid  in  design  or  in  understanding  the  phenomena  of  flow  of 
air-water  mixtures.  The  purpose  of  this  thesis  is  to  analyse  these  separate 
effects  and  to  present  the  results  in  a  simple  quick  reference  form  which 
can  be  valuable  for  engineering  use  in  problems  concerning  flow  of  air- 
water  mixtures. 
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The  example  studied  is  the  injection  of  one  droplet  at  a  given  initial 
velocity  into  a  moving  gas  stream.  The  problem  is  to  determine  the  subse- 
quent droplet  velocities  as  a  function  of  distance  moved  downstream  and  the 


properties  of  the  gas  and  droplet,  :«•• 
The  assumptions  made  aret      "* 


.  ..  .•  >  ..  „' 


♦  K 


(1)  the  gas  velocity  is  constant,    i." 

(2)  the  droplet  is  spherical  and  of  constant  ' 
diameter  during  the  acceleration,  and 

i        (3)  the  table  of  drag  coefficient  vs.  Reynolds 


*'.*k.'^ 


;^'^'.«5^ 


im:. 
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number  as  given  in  reference  (l)  and  repeated 
in  Table  I  is  correct.  ^^ 


The  details  of  this  analysis  are  given  in  the  appendix.  It  was  necessary  to 
perform  a  graphical  integration  of  a  function  of  Reynolds  number.  The  results 
of  one  of  these  integrations  is  contained  in  reference  (1).  The  other  inte- 
gratlon  was  done  using  the  trapoaoidal  rule.  The  results  of  both  these  lnt«- 


:loV,> 


!  gratlons  are  given  in  Table  II. 
li     Seoul ts  V-L^rr-kA^M^, 


;•  Figures  I  and  II  are  non-dimensional  plots  of  droplet  velocity  vs.  dis- 
I  tance  moved  downstream  as  a  function  of  gas  velocity,  droplet  diameter,  and 
!<  the  properties  of  the  gas  and  droplet.  This  same  information  is  given  in  ^ 
Table  III.  Figure  I  is  for  droplet  velocity  less  than  gas  velocityi  Figure 
II  is  for  droplet  velocity  greater  than  gas  velocity.  The  plots  in  Figures  I 
and  II  are  normalized  to  specific  initial  droplet  velocities.  For  droplet 


'^1^-^'.- 'v- ^    :>  -is 


5> 


AT.-'  : 


I  ▼elooity  less  than  gas  vslooity,  the  initial  droplet  velocity  is  asstaned  sero. 
<  For  droplet  velocity  greater  than  gas  velocity,  the  initial  droplet  velocity 

II  is  assumed  twice  the  air  velocity*  For  an  initial  droplet  velocity  other 

■M  than  the  nornmlized  conditions,  it  is  necessary  to  subtract  the  distance 

^  read  at  the  initial  condition  from  that  of  the  final  condition.  This  is 
li  

8ho\m  in  more  detail  in  the  appendix. 

P 

fc     Figures  T  and  11  are  used  in  the  following  manners  From  given  initial 

droplet  velocity,  gas  velocity,  droplet  diameter,  and  gas  and  droplet  proper- 

V     V  d^ 
ties,  calculate  ^  and  -^-  .  Enter  the  plot  with  these  quantities  to  deteir- 

mine  the  initial  point  at  the  intersection  of  ordinate  sr  and  the  curve 

Vw  *     1      tm. 

corresponding  to  -«-*  .  Read  on  the  absicoa  the  initial  value  ^       p     *     ^^"^ 

"a  V  d  °w  '^w 

follow  along  the  sane  §  ^  curve  to  the  intersection  of  that  ciirve  and  the 

V    -   y   ''a 

desired  ^  °^  ^    p^  distance  from  the  initial  point.  Read  off  the  value  of 

X  fa    *     "  ^  V 

T-  s*  vAiich  gives  the  distance  from  the  initial  point  with  the  required  ^  or 
a.,  r..       y  V^ 

the  value  of  ^  at  that  distance  respectively, 
a 
Figures  III  and  IV  are  plots  of  distances  required  to  reach  specific 

values  of  r*  »  .5».l  as  a  function  of  droplet  diameter,  air  Mach  number,  and 
given  air  properties  assuming  initial  droplet  velocity  is  sero.  Figure  III 
is  for  air  stagnation  temperature  of  10  ?  and  stagnation  pressure  of  1  atmos- 
phere. Figure  IV  is  for  air  stagnation  t^iqperature  of  1500^  and  stagna- 
tion pressure  of  1  atmosphere. 

If  the  gas  velocity,  droplet  diameter,  or  the  stream  and  droplet  proper* 
ties  are  not  constant,  the  solution  can  be  approximated  by  assuming  the  varia- 
tion to  occur  in  a  stepwise  fashion  and  apply  the  plots  successively  over 
each  step.  This  can  be  done  in  the  case  of  evaporaticm  in  vlhloh  a  curve  of 
droplet  diameter  vs.  droplet  velocity  or  distance  may  be  assumed,  or  in  the 


case  of  a  converging  or  diverging  aeotlon  in  vhlohp  because  of  known  area 
changea*  a  curve  of  gas  velocity  vs.  distance  can  be  assumed. 


!   The  results  obtained  are  given  in  dlnensionlesB  form  in  as  simple  a 
manner  as  possible.  The  plots  should  be  valuable  for  engineering  use  in 
determining  one-dimensional  trajectory  of  spherical  particles  in  a  gas  stream. 
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The  example  studied  la  the  flow  of  an  air-water  mixture  past  two  sections 
1  and  2  in  the  flow.  The  problem  is  to  determine  the  stream  properties  at 
section  2  as  a  function  of  the  water  velocity  at  2,  the  water  rate,  and  the 
stream  properties  at  section  1, 

The  assumptions  made  are:   — 
'jyp^'K      (^)  Constant  area  flow 


■ 


• 


(2)  Adlabatio — no  change  in  stagnation  temperature 
•^  ^^^;^'-^   (3)  No  evaporation  of  water  droplets 
'''i^i^mM     ^^^     ^°  change  in  ttmperature  of  droplets   , 


IVf^BafrvSiuTSJ 


gas  relation  holds  for  air. 


The  details  of  this  analysis  are  given  in  the  appendix.  The  general  method 
of  performing  the  analysis  is  given  in  reference  (2). 


Rgg^ltfl 


•^I^U   Values  of  ^T?  »  rfj  »  p«»  and  ^  were  calculated  for  «^  «  0,  1  for 

0  0  a 

various  w«ter  rates  and  Mach  numbers.  The  star  condition  is  a  normalized 

condition  corresponding  to^"OandM«land  does  not  depend  on  the  water 

rate.  These  values  are  tabulated  in  Tables  IV  through  VIII.  The  guiding  prln- 

clple  in  using  the  tables  is  that  =-5  Is  constant  in  going  between  tables. 

o  S? 

_^^   Figures  V  through  X  show  the  effect  of  droplet  acceleration  on  stream 


—  'w  ^ 

properties  assuming  that  at  section  1,  ^  ■  0,  and  at  section  2,  =^  «  1  for  

a  a 

various  initial  Mach  numbers  and  water  rates.  The  numbers  on  each  curve  Indl- 

w 
cate  the  water  rate  to  air  rate  ratio,  ^   ,  and  the  letter  S  on  some  branches 

& 
of  the  curves  indicate  that  a  normal  shock  in  the  flow  is  necessary  to  reach 

these  states* 


» 


Ifr--- 


■  1   r  • 

M 


:*)i:  Flgxares  V  through  X  are  used  In  the  fonovdng  manner i  Knowing  the 

stream  properties  at  section  1,  the  point  of  injection  of  the  water,  enter 

w 
the  required  plot  with  the  Mj^  and  ^  .  Read  on  the  ordinate  the  value  of  the 

ratio  of  the  desired  property  at  section  2  to  that  at  section  1. 


The  plots  given  are  easy  to  use  and  are  correct  within  the  assumptions, 
Howe^ror,  near  choking  conditions  the  air  velocity  increases  very  rapidly*  It 
is  erroneous  to  assume  that  the  droplets  will  be  able  to  accelerate  with  the 
stream  in  the  absence  of  very  large  drag  coefficients.  Therefore,  near 
choking  conditions  the  plots  will  not  give  a  correct  answer  to  the  variation 
of  stream  properties  due  to  droplet  acceleration.  However,  the  value  of  M- 
where  choking  of  the  flow  at  section  2  is  indicated  is  approximately  correct. 
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Tha  example  studied  is  the  flow  of  an  air-water  mixture  in  a  pipe  with 
wall  fsriction  and  droplets  striking  the  wall.  The  problem  is,  knowing  the 
initial  stream  properties  and  friction  factor,  to  determine  the  stream  proper^ 
ties  at  any  section  downstream. 

The  assumptions  made  arei 

(1)  Constant  area  flow 

(2)  Adiabatio— no  change  in  stagnation  temperature 

(3)  Vo   evaporation  of  water  droplete 

U)     No  change  in  temperature  of  droplets 

(5)  Perfect  gas  relation  holds  for  air 

V 
(6;  For  droplet  entrained  in  air  streaai  ^  ■  1 
,  .  V         \ 

(7)  For  droplet  on  the  wallj  ^  ■  0 

(^)  In  each  differential  section  an  amount  of  water  loaves 
^^   the  stream  and  hits  the  wall,  and  an  equal  amount  of 
water  leaves  the  wall  and  is  picked  up  by  the  stream 
(9)  That  this  amount  of  water  is  proportional  to  the 
length  of  section 
The  details  of  this  analysis  are  given  in  the  appendix.  The  general  method 
of  performing  the  analysis  Is  given  in  reference  (2). 


p       la. 


Values  of   ^^♦KL.Lju.la.    £.  jL^    L.        ^  ' 
L  ^        J  ^aax'  p»  '  ?»  •  piT  •  fSr*  ^  •  and 

calculated  for  various  water  rates  2nd  Kach  numbers.  The  star  condition  is 
a  normalised  condition  corresponding  to  choking  of  the  flow.  These  values. 


■  ■% 


,"■4'  . 


to  slid©  rule  accuracy,  are  tabulated  in  Tables  XII  through  TV  and  plotted  In 
Figures  XI  through  XVII.  These  fli^ures  ahow  the  effect  of  friction  and 
droplet  nonentum  exchange  wi-th  the  walls  on  the  ptrean  properties.  The  mmbers 
on  each  curve  Indicate  the  water  rate  to  air  rate  rattOf  r*  • 


The  symbol  ^  in  tho  term 


L    incorporates  as  a  psexido-fric- 


tional  tern  the  effect  of  mcMnontum  exchange  of  droplets  with  the  wall.  This 

''w 
term  Is  a  function  of  the  water  rate  to  air  rate  ratio,  -7"  9  the  duct  diameter^ 

*  I 

and  the  droplet  dlataeter  and  perhaps  other  stream  properties.  The  nature  I 

of  this  function  is  not  known,  'however,  using  the  data  of  reference  (3)  | 

for  sand  together  with  the  low  Mach  number  analysis  described  in  the  appen- 

^w  -f 

dix,  it  appears  that  K  *  .A  "*  for  1"  diameter  pipe  and  sand  diameter  of   ^ 

200  fi  and  i^50  ^.  It  appears  that  the  constant  of  proportionality  is  slightly  I 

smaller  for  sraller  sand  diameters.  The  effect  of  duct  diameter  is  no  known.  1 

^.J^^  Figures  XI  through  XVII  are  used  in  the  following  manner*  Knowing  the 

initial  stream,  properties  enter  Fif^ure  XI  with  the  initial  Kiach  number,  M^,  g^ 

and  ^  and  read  off  the  value   ^  f  ♦  ^  I^^^.  Then  knowing   A  §  ♦  ^  and  ™ 

the  length  of  duct  from  the  initial  section  1  to  any  other  section  2,  calculate 

J^h^]h,2'     Then  calculate  [^  h  ^  ^ax^  '    [^  f  *  ^]  ^max^"  t  D  *  ^]  h,i 

Enter  Figure  XI  with  U^  *  ^l  L     and  rp  and  read  off  M,.  Then  entering  J 

L      J  ""2     aw  ■ 

the  desired  plot  of  properties  with  M^,  M^t  and  ^  ,  read  off  the  value  of  | 

a  ^ 

the  noraaliaed  property  at  sections  1  and  2.  From  this  form  the  ratio  of  the 

property  at  2  to  that  at  1.  Knowing  the  value  of  the  property  at  If  the  vlua 

at  2  can  be  ocilculated. 

Figure  XVII  is  used  to  determine  the  Mach  number  cfter  a  normal  shock 

^w  !h 

knowing  the  ?!ach  number  and  —  just  before  the  shock  and  assuming  ^  =  1  on 

^a  w^     a 

both  sides  of  the  shock,  ^ter  the  plot  with  initial  Tt  and  ^  to  find  initial 


-♦  -     •  If 

it' "  ^n^ 


t'f?^ 


,<    • 


point.  Follow  across  horisontally  with  constant  £;  until  reaching  the  same 


curve*  Read  the  value  of  M  after  the  shock. 


Provided  more  information  can  be  obtained  concerning  the  pseud o-fric- 
tional  term,  K,  the  plots  given  can  be  valuable  for  engineering  use.  This 
could  veil  form  the  basis  of  a  thesis  to  determine  \rfiether  this  simple  model 
of  the  flow  is  correct  and  to  correlate  data  in  the  field  to  two^ccmponent 
flows. 

In  addition*  very  near  choking  conditions  this  model  of  the  flow  is  not 
correct  since  the  air  velocity  increases  very  rapidly  in  a  very  short  length. 
It  is  erroneous  to  assume  that  the  droplets  can  accelerate  with  the  stream 
in  the  absence  of  very  large  drag  coefficients.  Therefore,  near  choking 
conditions  the  plots  will  not  give  a  correct  answer  to  the  variation  of 
strean  inropertles  due  to  friction. 
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5Pee:o  of  sound 

DRAG    COEFncifNr     ^ 

5PECinC    HEAT   AT   CO  A/5  T  ANT  PRESSURE: 

HYDRAULIC    DIAMETER  or  DUCT 
'•  DHOPLET  DIAMETER  ^ 

FRICTION    COErnC(£Nr    OF  DUCT 

IMPULSE   FUNCTION   (PA^fAV^) 
^  SPECIFIC   ENTHALPY  " 

RATIO    OF  SPECIFIC  HEATS   (<^p/C>/) 
=  MAXIMUM  LENGTH  OF  DUCT  FOR    CHOKING  FLOW 
=   MACH    NUMBER 
=   /WASi  OF  P/^OPLET 

=  5rAr/C   PRESSURE 

'  I5ENTR0PIC    STAGNATION  PRESSURF 
=  REYNOLDS    NUMbBR 


JWWSfuanNmnNmi^izkunuMf^i 


\  To^  ISENTROPIC    STACNfiTION  TEMP^RfKjURE (KBSOLtrre) 
I    t  =  T/Mf 

V  =  VUOCITr 
ur=  MASS  RATf  OF  FLOW 

X  =  D/STA/VC£    ALONG    DUCF 

f=   MASS    DENSITY 

V>  =  KINfMAT/C  »^/SC03/ry 
(  )*=  REFfR5  TO  A  NORMALIZED  CHOKING  CONDITION 
(  )a'  REFFRS  TO  AIR 
i  )ux=  {REFER5  TO  WATER 
(  )o  -  REFfRS  ro  ISENTROP/C  STfiGNATlO/V  COA/D/T/ON 
()  I  =  REFER  5  n>  SECriO/\f  I 
()z=  REFERS  TO  SECTION  2 
Or-  refers  TO  CONDITION  RELATIVE  TO  AIR 
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DROPLET  TRAJECTORY' DEfAILS  OF  ANALYSIS 


iNOmouf\L  DROPLi^n  jNjecreo  luro  Movt^6  air  3TR£Am 

PeriNe-:       l/p  ^      \/a   -  \/ar     (TOR       \/a>\/ur) 
FORCE    eOUATiOA/   ON    OROPLST 


iA  ^   ^CoA^  A\Ir 


Co  R 


Z  durW\ 
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lur  J  I 


fur  aur 
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DROPLET  TRfiiJETCTORY  -  CONr 


dR^ 


CoRr 


R  i,i. 


_   -i.    _^  (^ 
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Co  Rf\ 


INFtHMS  OF  R£AL   Disr/\Nce^ 


•     NOTE:     IF  Va.y  \/ur  ^    Xf^  15  IH  Alt'GATJi/^:'  0\R£CTION 
,v.       '       y/\/  eaUATiO/^  (4)    SIG-H  OF  LAST  TEf^M  JS:  ,, 


^#^:  r««'  -^^  z-'^'" 


ur        I  w 
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A'c^ 


CoRk 


CoR 


.    -'ff-TZ 


iM      HQRMAUZING    eQUf^TION  (4)    SO  THAT  /A/mAUy,'^W^''   : 
W^'AT   POINT  I,    »//?=  Va   i    SO  THAT:     ^.     _,;:ti^  A 


LeT  r?//2  NOiM/^UZED  POSITION  BE  POINT   O,  AND 
ANY   OTH£R  POINT  DOl^NSTRBAW  BE:  POINT  X, 
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^. 


DROPLET  THMEGTORY  -CON'T 
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FOR  AN/    INiECTEO     !/«■   OW£-/?  THm  THE 
MORMALJzeO       COnOITION: 
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H^S  B£eN   C/\LCULATEO     {TABLE 
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A/VO     PLOTTED     (ri6URB5  J  ANOJT)    FOR    VALUER    OF 
^^  (^^      FROM    S  TV   ZOOO    AND  J!^  FRONi  ,01  TO  I 
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?:Vi 
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-  ■  ^^ 
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1  -                                          ^ 
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Values  of  CV.  =  f(R)  for  spherical  particle g 


14.4 

10'.4 

6.9 

5-4 

4.1 

2.5b 
2.00 
l.bO 
1.27 
1.07 

0.77 
.65 


24.0 
24.0 
24.0 
2^^.. 8 
2D.6 
26.5 


34.5 
37.8 

41.0 

51.0 
60.0 
75.0 
U9.0 
107 


2.4 
4.8 
7.2 

12.4 
17.9 

26.5 


57.0 


2  X  10^ 


.390 
.405 


.040 
li^O 
1920 
2730 
4050 

9000 
14,200 

24,500 
35,000 
48,000 

34,000 


2.45 
4.8 


16.8  X  10^ 


Value G  oj 


).      Y  = 


2  X  10^ 


2 

10-' 

I 

7 

K 

10^ 

1.09  X 


2.04  X  10 


17.947 


7  :c  10"^ 


4.71 
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